The Technology of Road Guide Signs Setting in Large Interchanges  by Liu, Xia & Lu, Jian
 Procedia - Social and Behavioral Sciences  96 ( 2013 )  538 – 547 
1877-0428 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of Chinese Overseas Transportation Association (COTA).
doi: 10.1016/j.sbspro.2013.08.064 
ScienceDirect
13th COTA International Conference of Transportation Professionals (CICTP 2013) 
The Technology of Road Guide Signs setting in Large 
Interchanges 
Xia LIUa, Jian LUb*
a Graduate Research Assistant, School of Transportation, Southeast University Sipailou #2, Nanjing, 210096, P. R. China 
b Professor, School of Transportation, Southeast University, Sipailou #2, Nanjing, 210096, P. R. China 
Abstract 
Large interchange is complicated in structure, which easily leads to the misunderstanding of paths and directions. There are 
obvious differences in vehicle speed while driving up and down the ramp, and when confluence points, divergent points and 
conflict points exist at the same time. Therefore, large interchange tends to become an accident black-spot. To ensure traffic 
safety on the road, the technology of guide signs setting in large interchanges is studied in this paper. 
In this paper, we conducted a visual recognition test of guide signs. Firstly, the eye tracker Smart Eye Pro4.0 and GPS locator 
were installed on the experimental cars, and then we arranged different drivers to drive in a real traffic environment. Based on 
nd 
speed conditions. According to the results of the experiment, we tried to find suitable information control for interchange by 
analysis. With the use of experimental data, the front distance range of guide signs can be deduced based on four stages of 
discovery, reading, judgment and action. And we came to the conclusion of reasonable repeated setting space with the driver 
short-term memory characteristic. At last, the calculation results were compared to the existing norms GB5768-2009 in China, 
and rational suggestions for the methods of guide signs setting in large interchanges were offered. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
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1. Introduction 
In order to meet the increasing traffic demand, a lot of large interchanges have been built, which play a 
positive role in alleviating traffic congestion. However, large interchange is often complicated in structure, which 
has lots of ramps and routes, easily leading to the misunderstanding of paths and directions. Furthermore, there 
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are obvious differences in vehicle speed while driving up and down the ramp; confluence points, divergent points 
and conflict points exist at the same time. Therefore, large interchange is easy to become an accident black-spot. 
To improve traffic safety on the large interchange, the road guide sign, an important part of traffic management 
measures, is of great significance to improve the smoothness of driving and reduce the number of traffic accidents 
on large interchanges. 
In the previous study about traffic signs, visibility of traffic signs at different speed (Johansson and Backlund, 
erstanding speed and reading distance (Ells and Dewar, 1979 and Ells, 
Dewar and Mundy, 1976), recognition distance and number when driving at night (Helmut T.Zwahlen) have been 
widely studied. In addition, Hummer (1989) conducted a study to determine the effect on driver behavior of 
supplemental interchange signing on rural freeways, including various combinations of tourist-oriented attraction 
and service signs. The data were collected on the speed, acceleration pattern, and lateral placement pattern of the 
simulated vehicles. At last, Hummer found the supplemental signing which was already permitted on a rural 
freeway interchange approach was generally detrimental to driver control behavior. 
In terms of the technology of road guide sings, many countries have drawn up traffic signs regulations, 
standards and manuals, such as The Traffic Signs Regulations and General Directions in England, The Manual on 
Uniform Traffic Control Devices in America and Road Traffic Signs and Markings in China. In these regulations, 
the size, color, pattern, height, setting position and arrangement order of guide sings were displayed in detail. 
systematic, but due to the particularity of China's national conditions, these results can only be some use, and we 
must investigate carefully and verify these results in actual practice. In addition, the technology of guide signs 
setting mentioned in Road Traffic Signs and Markings mainly applied to the ordinary traffic environment, and 
statements about complex environment such as large interchanges were quite qualitative with insufficient practice.  
In this paper, a visual recognition test of guide signs was conducted in a real road traffic environment. Based 
on that, we put forward the technology of road guide signs setting in large interchanges to meet the visual 
recognition requirements of drivers. 
2. A Visual Recognition Test of Guide Signs 
In the test, the eye tracker Smart Eye Pro4.0 and GPS locator were installed on the experimental cars (Fig. 1). 
We arranged different drivers to drive in a real traffic environment. With the eye tracking technology and GPS 
positioning technology, we can get the eye movement characteristic parameters of drivers and the recognition 
-
professional driver) recognition characteristics of guide signs on different illumination (the front lighting, back 
lighting and night) and speed conditions. 
In the test, we can get two key indicators: 
 
to the f
have the following characteristics: 1) with the increase of speed, the recognition distance decreases gradually; 2) 
at the same speed, the recognition distance in front lighting situation is the largest, secondly at night, and the 
distance is bigger than non-professional drivers', especially in front lighting situation. 
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Fig. 1. The driver eye tracking system based on Smart - Eye Pro4.0 
Table 1. The linear fitting function of visual cognition distance (m) 
Illumination 
Driving experience 
Front lighting Dark lighting Night 
Professional  drivers 
y = -0.586x + 178.76 
R2 = 0.99 
y = -0.6497x + 117.38 
R2 = 0.88 
y = -0.6091x + 131.26 
R2 = 0.95 
Non-professional drivers 
y = -0.8709x + 148.28 
R2= 0.95 
y = -0.577x + 108.41 
R2= 0.92 
y = -0.6837x + 122.01 
R2 = 0.92 
Table 2. The linear fitting value of visual cognition distance on road guide signs (Professional / non-professional 
drivers) (m) 
Speed(km/h) 20 30 40 50 60 70 80 
Front lighting 167/130 161/122 155/113 149/104 143/96 137/87 131/78 
Dark lighting 104/96 97/91 91/85 84/79 78/73 71/68 65/62 
Night 119/108 112/101 103/94 100/87 91/80 88/74 85/67 
Table 3. The quadratic polynomial fitting value of watching time (Professional / non-professional drivers) (ms) 
Speed Front lighting Night 
No. of information 20 km/h 40 km/h 60 km/h 80 km/h 20 km/h 40 km/h 60 km/h 80 km/h 
n=1 969/1034 1039/1094 1041/1215 1098/1125 1034/1242 1094/1337 1215/1333 1125/1299 
n=2 974/1190 1081/1258 1141/1221 1225/1353 1000/1272 1144/1353 1331/1412 1288/1452 
n=3 1048/1047 1187/1255 1297/1497 1405/1510 1047/1374 1255/1455 1497/1566 1510/1670 
n=4 1193/1176 1357/1427 1501/1715 1637/1792 1176/1548 1427/1643 1715/1795 1792/1953 
n=5 1407/1387 1590/1659 1755/1983 1921/2132 1387/1795 1659/1917 1983/2098 2132/2301 
n=6 1691/1680 1887/1952 2060/2302 2258/2532 1680/2114 1952/2277 2302/2476 2532/2714 
n=7 2045/2054 2248/2305 2415/2672 2648/2991 2054/2506 2305/2724 2672/2929 2991/3191 
n=8 2468/2510 2673/2719 2820/3093 3089/3509 2510/2970 2719/3256 3093/3457 3509/3734 
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Fig. 2. Three dimensional diagrams of watching time 
 (2) The time spending on watching road guide signs 
The time spending on watching road guide signs was collected by the eye tracker Smart Eye Pro4.0. The 
fitting results of test data are shown in the Table 3 and Fig. 2. 
In Fig. 2, different colors express the different length of watching time, blue stands for 0~1000ms, green 
stands for 1000~2000ms, yellow stands for 2000~3000ms and red stands for 3000~4000ms.From the figure 
the first figure, which means the shortest watching time 
in such conditions. By contrast, red areas are the most in fourth figure, which means the longest time. 
Through the analysis, we come to the conclusion that: 1) the watching time increases with the rise of speed; 2) 
under the same speed and light conditions, the watching time increases with the number of information(roads 
front lighting condition; 4) professiona -
difference between them are growing with the number of information and speed. 
3. The Technology of Road Guide Signs Setting  
The purpose of road guide signs is to provide the road users with timely and accurate road information, so that 
they can take right measures at the right time and place. Based on the results of the visual recognition test in a real 
traffic environment, this paper will discuss the number of information, setting position and setting frequency of 
road guide signs setting in large interchanges. 
3.1. Information Control 
The results of the visual recognition test indicated that the time spending on watching road guide signs was 
not linear with the number of information. There was an obvious demarcation point in the slope of curve: before 
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the point, the gradient was small, meaning less influence on the watching time; after it, the gradient was bigger, 
meaning more effects. In other words, the demarcation point stands for the cut-off point where drivers respond to 
the changes of information numbers differently. Before the cut-off point, drivers can complete visual recognition 
and understand the road guide signs quite well. But after that, with the increase of information numbers, drivers 
have more psychological burden, so it becomes more difficult for them to allocate their time properly and to find 
the target quickly. The greater the number of information is, the faster the watching time increases, and the lower 
the driving safety is. Therefore, in order to ensure traffic safety, we should control the information number within 
the cut-off point, so that drivers can finish the visual recognition of road guide signs and drive safely. 
Based on the test results, taking the speed, illumination condition and driving experience into account, we can 
solve the cut-off point, which is the reasonable number of information. It is shown in the following Table 4. 
From the table, we can see that, at low speed (less than 40 km/h), the number of information is controlled in 
six street or road names, while it is controlled in four at the speed of 60km/h. When the speed increases to 80 
km/h, non-  
Table 4. The reasonable number of information 
Speed Driving experience Illumination condition The reasonable number of information 
20km/h 
non-professional 
front lighting 6 
6 
6 
night 6 
professional 
front lighting 6 
6 
night 6 
40km/h 
non-professional 
front lighting 6 
6 
6 
night 6 
professional 
front lighting 6 
6 
night 6 
60km/h 
non-professional 
front lighting 4 
4 
4 
night 5 
professional 
front lighting 4 
4 
night 5 
80km/h 
non-professional 
front lighting 4 
3 
3 
night 3 
professional 
front lighting 4 
4 
night 5 
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3.2. Setting Position 
judgment and action (Haoxue LIU, 2001). It is shown in the following figure: 
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Fig. 3. -stage recognition process 
The guide sign is located on the point S, right side of the road, and the driver finds the sign at the point F. 
When he reaches point R, he starts to read the sign information, and the distance between point R and point S is 
named the recognition distance S . Then he finishes reading at point J, so the distance between point R and point 
J is named the reading distance l . After that, the driver analyzes the information and makes a decision until point 
K. Afterwards he starts to take action at point F and complete corresponding operation until point P. 
According to Fig. 3, if the after-reading distance a  is equal to or shorter than the vanishing distance m , it 
means that the driver doesn t have enough time to analyze the information calmly. In other words, within the 
action distance, the driver  finish lane change and deceleration. Therefore, in order to give drivers plenty 
of time to understand information and make full use of the road guide signs, we must ensure that: 
ma   (1) 
In addition, the front distance D of road guide signs must meet the following requirements: 
a S l L k j D   (2) 
jLLnL )1(   (3) 
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Wherein: 
l - The reading distance, lt
vl
6.3
1 , here lt is the non-  
S - The recognition distance, related to driving experience, speed and illumination. Here it is the non-
 
a - The after-reading distance; 
j - The judgment distance, jt
vj
6.3
1 , the judgment time jt = 2.0s~2.5s (Wuhong WANG, Fenchun SUN 
and Qi CAO, 2002); 
k - The reaction distance, kt
vk
6.3
1 , the reaction time kt = 1.5s~2.0s;  
n - Number of lanes on one side of the road; 
L - The lane changing distance once, lt
vL
6.3
1 , the time required for a lane changing behavior 
lt =6.0s~6.9s; 
jL - The deceleration distance, i
vvLj 2
2
2
2
1
6.32 , here 
i  is the biggest comfortable deceleration value, equal to 
3m/s2;  
m - The vanishing distance, 
tantan
21 hhHm  , for a cantilever or portal frame type guide sign on the 
interchange, 1h is the height from the sign to the ground, 2h ght (here is 1.2m), and  the 
vertical angle from the vanishing point to the road guide sign (generally 7°). 
 
Based on the analysis above, the front distance model of guide signs is calculated as follows: 
(1) The minimum front distance model of guide signs 
When the driver doesn't need to change lanes, the action distance is the shortest, so the front distance is the 
minimum. Put relevant parameters into the formula (2) and formula (3), then we can get this: 
S
i
vv
ttttn
v
SljkLLnD ljklj 2
2
2
2
11
min 6.32
)1(
6.3
)1(  
Svtnv l 8.440
5.3)1(6
14.5
2
  (4) 
(2) The maximum front distance model of guide signs 
According to the four stages by discovery, reading, judgment and action, based on the formula (1), (2) and (3), 
the maximum front distance should meet the following conditions: 
tan6.32
)1(
6.3
)1( 212
2
2
2
11
max
hh
i
vvtttnvmjkLLnD jklj  
39.1
8.440
5.3)1(6
14.5
2vnv
  (5) 
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Based on the results of the visual recognition test, putting relevant parameters into the formula (4) and formula 
(5), we can get the front distance of guide signs at different speeds: 
Table 5. The front distance of road guide signs 
Speed of vehicles (km/h) 20 40 60 80 
The front distance (m) Minimum -- 5 40 80 
Maximum 6 70 190 260 
3.3. Setting Frequency 
In the course of driving, the driver mainly obtains traffic information through vision. Then the brain processes 
information into memory (mainly short-term memory), and after that, he/she makes a decision and acts 
immediately. During this period, the short-term memory of road guide signs has a certain degree of attenuation. 
That always leads to a consequence that 
short-term memory into account. 
According to the fading pattern of d  short-term memory of traffic signs tested in a real traffic 
environment, 319.0162.1 ts  (Jun CHEN, 2009), we can find that memory capacity declined in a short time, 
and the amount of it stabilized with time. In other words, it showed the fading pattern of quick start, then slow . 
When memory time was longer than 14s, the amount of guide signs memory has been halved; before 14s, the 
decreasing rate of driver s short-term memory was more than 1%, and after 14s, the rate was less than 1%. That s 
to say, 14 seconds later, the amount of it has stabilized. So we considered drivers could maintain stable operation 
time until 14 seconds. Under the premise of ensuring traffic safety, the reasonable repeated spacing of road guide 
signs is as follows:  
14
6.3
vD   (6) 
Wherein: 
D - Reasonable repeated setting space of road guide signs (m); 
v- Speed of the vehicle (km/h). 
Finally, we can get the repeated spacing of road guide signs at different speeds: 
Table 6. The repeated setting space of road guide signs 
Speed (km/h) 20 30 40 50 60 70 
Repeated setting space (m) 80 120 160 200 240 280 
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3.4. Comparison between the Results and the Standard Value 
 (1) Number of information of the road guide signs 
According to Road traffic signs and markings (GB5768-2009) in China, on a road guide sign board, the 
vehicles was low (less than 60 km/h), the reasonable number of information was controlled in six street or road 
understand six names. Therefore, with more and more non-professional drivers on the road in our country, it is 
necessary to revise the norm properly, taking all factors (such as speed, driving experience, etc.) into account to 
ensure the traffic safety. 
(2) Setting position of the road guide signs 
In the norm, the setting position of guide signs should be in accordance with the specific provision of each 
type of traffic signs. However, the norm is not perfect in illustrating the front distance of road guide signs, and 
gnition 
characteristics on different illumination and speed conditions. And based on the most negative condition in a real 
traffic environment, we deduced the front distance range of guide signs at different speeds. So the result is more 
scientific and instructive for the signs setting. 
(3) Setting frequency of the road guide signs 
The current norm about road guide signs repeated setting mainly focuses on the convenience of practical 
application, and the repeated spacing is usually a multiple of 100 meters. It is comparatively mechanical, not 
considering various influencing factors. According to the results in this paper, when memory time was longer 
than 14 seconds, the amount of guide signs memory had halved and stabilized, so the repeated setting space could 
be deduced from the short-
and affect driving safety. 
4. Conclusion 
In this paper, we conducted a visual recognition test of guide signs with the eye tracker Smart Eye Pro4.0 and 
GPS locator. Based on the results, we studied the reasonable number of information, setting position and setting 
frequency of the road guide signs, compared the result with the norm value and put forward valuable suggestions. 
Furthermore, in the future, we should improve the technology of setting road guide signs gradually, combined 
with changeable-message signs in intelligent transportation system, so as to alleviate urban congestion and ensure 
the traffic safety better. 
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